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In this volume we are honoring the work and achievements of Jack K.
Hale, Regents Professor Emeritus of Applied Mathematics at the Georgia
Institute of Technology. Jack’s research and teaching reach into many
realms of differential equations and dynamical systems. The several reports
appearing in this volume are a measure of that influence.
My purpose here is to set forth an account of the circumstances and
episodes of Jack’s career. I have known Jack for many years and I have
known several of the people appearing in this story. In effect, I am sharing
with you their recollections as well as my own. Of course, any factual errors
are mine alone.
Jack Kenneth Hale was born on October 3, 1928, in Carbonglow, Kentucky.
The town of Carbonglow was a coal mining community. Jack’s father managed
a general store owned by one of the coal mining companies. Those companies
frequently changed the location of their mining operations in pursuit of new
lucrative coal veins. Thus, several times during Jack’s childhood, the Hale
family moved from one location to another in the coal mining regions of
Kentucky.
Jack did his undergraduate studies at Berea College in Berea, Kentucky.
There he became acquainted with a student named Hazel Reynolds from
the town of Meadows of Dan in the Blue Ridge region of Virginia. The
relationship blossomed and on June 6, 1949,a few days after they had
both graduated from Berea CollegeJack and Hazel married. The marriage
was destined to be long and happy, a lifetime companionship.
The next step was graduate school. In the autumn of 1949 Jack Hale
matriculated at Purdue University in Lafayette, Indiana, as a graduate
student in mathematics. Here he came under the influence of Professor
Lamberto Cesari, himself a recent arrival at Purdue.
Professor Cesari was also a recent arrival in the United States, having
immigrated from his native Italy. During his mathematical career in Italy
Cesari had worked in the calculus of variations and in surface area theory.
At the time of Jack’s arrival in Purdue, Cesari had become interested in the
theory of nonlinear oscillations.
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Jack Hale became a student of Lamberto Cesari, and the two men
together intensively studied nonlinear oscillations. Many years later, while
reminiscing one day about these events, Cesari said to me about Jack: ‘‘He
became a colleague right away.’’ Thus Jack came to his life’s vocation,
differential equations. Thus also began a lifelong friendship between Jack
Hale and Lamberto Cesari.
Jack Hale received his Ph.D. from Purdue University in 1953. (Two
years before, in 1951, he had received an M.Sc. from Purdue.) Of course,
Jack’s thesis was in the area of nonlinear oscillations and, of course,
Lamberto Cesari supervised that thesis. Jack’s interest in nonlinear oscilla-
tions extended over a period of several years, continuing long after he had
completed his graduate studies. Muchbut not allof his work in that
subject was carried on in collaboration with other people, including
Lamberto Cesari.
After receiving his Ph.D. Jack remained at Purdue for one more year.
And then, in 1954, it was off to Albuquerque, New Mexico and a job at the
Sandia Corporation. Jack worked at Sandia for three years, 19541957. His
assignments involved much consulting work for the armed forces of the
United States, and therefore, with regard to mathematics, Jack found
himself working in the field of operations research. But, during this time,
he remained active in the field of nonlinear oscillations.
In 1957 Jack Hale left Sandia and went to work for Remington Rand
Univac in Saint Paul, Minnesota. His work in nonlinear oscillations
continued. But soon, dramatic events in the world at large brought about
an important change in Jack’s career.
On October 4, 1957, the Soviet Union launched Sputnik I, the world’s
first artificial satellite. Public opinion in the United States was chagrined at
this demonstration of Soviet engineering prowess, and institutions through-
out the country allocated resources to bolster America’s scientific and
technological capabilities. In particular, the Glen Martin Company in
Baltimore, Maryland decided to bring together under one roof a group of
mathematicians working in the area of nonlinear differential equations and
automatic control. This group was to be part of a larger organization
called RIASResearch Institute for Advanced Studiessupported by that
same company.
The guiding spirit behind this enterprise, the man who had persuaded
the Glen Martin Company to underwrite this project, was Professor Solomon
Lefschetz, a distinguished mathematician who, in 1949, at the age of 65,
had retired from his position as chairman of the Mathematics Department
at Princeton University.
Professor Lefschetz was indeed one of America’s leading mathematicians.
He had begun his working life as an engineer, but a frightful industrial
accident had deprived him of both his hands. He had then begun a new
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career in mathematics and gone on to become a preeminent algebraic geometer
and topologist. Later, he had turned his attention to the qualitative theory
of ordinary differential equations and he had become a leader in that field.
And now, at the age of 73, Professor Lefschetz was embarking on a new
endeavor: To establish in the United States a research institute for the
study of nonlinear ordinary differential equations.
Having secured corporate backing for his group at RIAS, Lefschetz had
now to recruit its staff. To each of several senior colleagues he wrote a
letter asking him to recommend a bright young researcher. Cesari received
such a letter, and of course he recommended Jack Hale. Thus, in late 1958,
Jack and Hazel were setting up housekeeping in Baltimore. Jack was
employed at RIAS.
The years at RIAS were good years for Jack. For the first time since
leaving Purdue in 1954, Jack Hale was being paid to do what he really
wanted to doresearch in ordinary differential equations.
He made good use of his opportunity. While at RIAS, Jack wrote his
first book, Oscillations in Nonlinear Systems [1], which was published in
1963.
This book is a systematic exposition of the ideas and methods which
constitute the mathematical theory of nonlinear oscillations: Free and
forced oscillations, subharmonic and ultraharmonic resonance, almost
periodicity, stability and instability, characteristic exponents, integral
manifolds, and averaging methods. A large portion of the book is devoted
to the ‘‘alternative method’’ for determining the existence of both free and
forced oscillations. An essential feature of this method is that the problem
of determining the existence of the required oscillation is reduced to the
solution of a ‘‘determining’’ or ‘‘bifurcation’’ equation, which is of a finite-
dimensional character.
Many years later, in 1980, Jack Hale published a paper [8] in which he
showed in what manner the bifurcation equation determines not only the
existence but also the stability properties of the oscillation being studied.
While he was at RIAS, Jack Hale entered into a collaboration with
another mathematician there, Joseph P. LaSalle, who had come to RIAS
from Notre Dame University in Notre Dame, Indiana. Together the two
men wrote a paper [2] which in 1965 earned for them both the Chauvenet
Prize, awarded annually by the Mathematical Association of America for
mathematical exposition of exceptionally high quality.
The working relationship between Jack Hale and Joe LaSalle lasted for
many years. They remained friends and colleagues until LaSalle’s death in
1983.
During his years at RIAS Jack Hale acquired a new mathematical
interestfunctional differential equations of finitely retarded type. From
the very beginninginfluenced by the work of a Russian mathematician,
5JACK K. HALE
N. N. Krasovski@$ (viz. [14, pp. 126175])Jack realized that the proper
phase space for studying such an equation is a suitably selected function
space. In this infinite-dimensional geometric setting it becomes possible to
develop a qualitative theory for functional differential equations which
parallels in many respects the qualitative theory for ordinary differential
equations, which of course has a finite-dimensional geometric setting.
For example, an early result of the required sort appears in a paper [3]
published in 1964 by Jack Hale and one of his students at that time, Carlos
Perello . That paper concerns saddle point behavior near an equilibrium
point for a functional differential equation of finitely retarded type. In that
paper, under appropriate hypotheses, Hale and Perello prove the existence
of stable and unstable integral manifolds about the given equilibrium point.
The unstable manifold is finite-dimensional; the stable manifold is infinite-
dimensional.
Jack’s research in functional differential equations carried over into the
next phase of his career.
In 1964 the mathematicians at RIAS were looking for a new home.
They wanted to be in a university. They found a suitable situation in the
Division of Applied Mathematics at Brown University in Providence,
Rhode Island, and in September, 1964, the Center for Dynamical Systems,
located there, opened its doors.
This is when I entered Jack Hale’s circle of acquaintances. At that time
September, 1964I was a graduate student in the Division of Applied
Mathematics at Brown University. I had completed two years of course
work and had passed my ‘‘prelims.’’ But I needed an advisor and a thesis
topic. For several months I had known that some mathematicians working
in the area of differential equations were coming to Brown. This seemed to
me to be an interesting prospect. Professors Hale and LaSalle were still
unpacking their books when I presented myself to them. Jack took me on
as a student, and thus I became Jack Hale’s first student at Brown.
For 10 years after leaving Purdue Jack Hale had not held a single
academic appointment. He had done all his work in nonacademic settings,
and in this context he had established himself as a leading specialist in the
area of nonlinear ordinary differential equations. Now, finallyin 1964
Jack was situated in a university. He has remained in an academic setting
for the rest of his working life. From 1964 to 1988 Jack Hale served on the
faculty at Brown University. In 1988 he left Brown and came to the Georgia
Institute of Technology in Atlanta, Georgia, where he has remained to this
day.
For myself Jack’s coming to Georgia Tech had a special significance. I
came to Georgia Tech in 1973 after having taught at Brown for four years.
When I left Brown I regretted my separation from Jack. My association
with him had benefited my own research. Little did I foresee that Jack
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might someday come to Georgia Tech. But come he did, 15 years later, in
1988.
During his years at Brown and Georgia Tech, Jack Hale pursued several
lines of research.
For several years after he arrived at Brown, Jack’s principal preoccupa-
tion was a qualitative theory for functional differential equations of finitely
retarded type. As I have already indicated, this was an investigation he
had begun during his years at RIAS. As this work progressed, Jack
became interested in functional differential equations of neutral type.
The overall goal remained the same: the development of a qualitative
theory.
Over a period of many yearsright up to the time of his retirement in
1998Jack Hale and various of his students and colleagues successfully
developed that theory.
In 1971 Jack published a book [5] setting forth the elements of that
theory. In 1977 the same book appeared again in a second, revised edition
[6]. In 1984 Jack and two co-authors, L. T. Magalha~ es and W. M. Oliva,
published a book [10] dealing with some geometrical aspects of the theory
of functional differential equations. Finally, in 1993, Jack Hale and one of
his younger colleagues, S. M. Verduyn Lunel, published a book [13]
expounding a suitably updated version of that same qualitative theory.
During the 1970’s, while he was at Brown, Jack Hale became actively
engaged in bifurcation theory. Much of this work was done in collabora-
tion with Shui-Ni Chow and John Mallet Paret, whoat the timewere
doing postdoctoral studies at Brown.
Later, in 1982, Chow and Hale published a book, Methods of Bifurcation
Theory [9]. In the early pages of that book the two authors draw a distinc-
tion between two sorts of bifurcationstatic and dynamic. The first of
these, static bifurcation, refers to the branching of solutions for a functional
or operator equation as that equation undergoes perturbation. The second
of the two sorts, dynamic bifurcation, refers to qualitative changes in the
phase portrait of a differential equation or dynamical system which occur
as that equation or system undergoes perturbation.
Corresponding to these two sorts of bifurcation there is a dichotomy of
ideas and methods. In the realm of static bifurcation, one often invokes
methods from nonlinear functional analysis, e.g., the alternative method and
the theory of topological degree. On the other hand, when studying dynamic
bifurcation, one often encounters the notion of exchange of stability and
one often deals with center manifold theory, normal forms, and averaging
methods.
The organization of the book reflects the preceding notions. The first
part of the book expounds methods for static bifurcation; the second,
methods for dynamic bifurcation.
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During the 1970’s and 1980’s Jack Hale increasingly turned his attention
to the study of evolutionary partial differential equations, in particular,
nonlinear parabolic equationsequations of reaction diffusion type. Of
course he realized that such equations can be interpreted as ordinary
differential equations on an infinite-dimensional phase space, i.e., as
infinite-dimensional dynamical systems. Clearly, this notion is reminiscent
of Jack’s earlier work with functional differential equations.
During that same period of time, Jack became interested in the concepts
of dissipative dynamical system and compact global attractor. In an appropriate
way this latter concept generalizes and makes precise the familiar notion of
‘‘steady state’’as opposed to ‘‘transient’’solution.
Jack realized that the long-term behavior of a dissipative dynamical
system is characterized by the structure of orbits on its compact global
attractor. In this connection, Jack also became interested in how a compact
global attractor varies as the underlying dynamical system is perturbed.
An outcome of all these researches was a book [11] published in 1988
expounding the theory of dissipative dynamical systems.
While he was at Brown, Jack Hale regularly taught a graduate course on
ordinary differential equations. Out of this teaching there came a textbook
[4], Ordinary Differential Equations, published in 1969. This book is a
rigorous exposition of the qualitative theory of ordinary differential equa-
tions. It has become a classic. A revised edition [7] appeared in 1980.
Some years later, Jack Hale and Hassein Koc akone of Jack’s younger
colleagues at Browntogether wrote a textbook [12], Dynamics and
Bifurcation, which appeared in 1991. This book is at a level less advanced
than [4, 7], but it also concerns the qualitative theory of ordinary differen-
tial equations.
During his years at Brown and at Georgia Tech, Jack Hale developed a
distinctive working style. Briefly stated, it is collaborative. Muchbut by
no means allof his published work is coauthored. He gathers around
himself a circle of students, colleagues, and visitors. Jack especially likes to
work with and consult with visitors. Mathematicians from all over the
world come to study with Jack. With all these people he generously shares
his knowledge and insight.
Jack Hale’s scholarly output is prodigious. At the time of his retirement
October, 1998he was the author or coauthor of some 215 scientific
publications. And, months later, that figure was still increasing.
Jack Hale has supervised 46 doctoral dissertations. (Mine is Number 3.) Jack
is a member or corresponding member of several learned societies. He holds five
honorary degrees. And, after all this, Jack exhibits not a trace of vanity.
It is fitting that, on the occasion of his retirement and seventieth birthday,
we who are contributing to this volume should honor Jack and his achieve-
ments. In teaching and research, his influence will long endure.
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